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Abstract 
In recent years, the application of photovoltaic system has been increasingly popular, especially in remote areas, 
where power is not available or is too expensive to install. However, the PV generator’s cost is relatively high and 
has nonlinear dependent-irradiation volt-ampere characteristics which make it difficult to control if we need to obtain 
maximum power. In this paper, the operation of a PV system which comprises a PV generator, a buck converter and a 
DC motor-pump is thoroughly examined. The buck converter controls the solar array operating point in order to track 
maximum power point (MPP) by using a non linear control strategy based on feedback linearization. This technique 
is shown to be able to obtain a linear control of the PV system and can dramatically increase its dynamical 
performance. 
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1. Introduction 
n order to cover the ever increasing energy demand, acute attention is focused on research for 
renewable energy sources. One of which is the solar energy which can be the main source or alternative 
energy source in the power generator. This type of energy is clean and friendly to the environment. 
However, solar energy is known for its sharp fluctuation of irradiation with the rapid changes in weather 
conditions. 
With the sharp increase in the use of PV systems, more attention is paid to the design procedure and 
optimum utilisation in order to achieve the most reliable and economical type of operation. Because of the 
relatively high cost of a PV generator and low conversion efficiency, the use maximum  power point 
tracking (MPPT) technique is essential. 
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   The amount of power produced by a PV generator depends on its operating voltage.  A PV’s Maximum 
Power Point (MPP) is unique on the non linear volt-ampere curve and depends on solar irradiation and 
temperature. At the MPP, the PV generator operates at its highest efficiency. Therefore, many methods 
have been developed to determine the MPPT operating conditions.   Alghuwainem [1] employed a step up 
converter with current-locked loop to match DC motor to PV generator. Ensline [2] employed an 
integrated PV maximum-power point tracker with soft switching to obtain the optimum efficiency. 
Hiyama [3] used a neural network to estimate maximum-power-point operating conditions. The 
perturbation and the observation method is also often used to 
track the MPP [Joe-air Jiang] [4]. In [5] the author used a method allowing the control and the flow of the 
power produced. It is based on the measuring of the power produced by the PV system in real time. 
The system analyzed in this paper is a photovoltaic array feeding a DC moto-pump via a DC-DC buck 
converter which ensures the MPPT operation by the regulation of the PV generator voltage. This PV 
system architecture is highly non linear from control point of view. For that reason, a non linear control 
based on feedback linearization is used to control the duty ratio in such a manner as to keep the PV 
generator voltage equal to a reference value which is proportional to the open circuit voltage.  
 In the following, we will develop a PV system model. Then, the non linear approach of the control 
will be presented. Finally we will give some simulation results to test the robustness of the proposed 
control law. 
 
2. System Description And Modeling 
 
The main block diagram of the analysed photovoltaic system is shown in Figure 1. This system comprises 
a PV generator, a DC/DC buck converter, and a DC motor-pump.  
 
   
 
 
 
 
 
 
 
Fig.1. Configuration of the of the PV system 
 
 
2. 1.  PV generator model    
 
The electric behaviour of a PV cell (generator) is often described by a diode model. In this model, the 
photovoltaic cell (generator) is represented by an electric current generator which is equivalent to a 
current source   parallel to a diode.  
     Identically to a junction diode, the relation current-voltage of the photovoltaic diode (generator) is also 
non linear [6] [7]. The I-V equation of the solar generator is given by: 
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where: Ip and Vp are respectively the solar generator output current and voltage. 
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q
TKn
V BT   Thermodynamic potential,  
I ph  : PV generator photocurrent, proportional to the irradiance level,  
Is : PV cell reverse saturation current diode, 
q : Electron charge.   
KB  : Constant of Boltzman’s constant (1,38.10-23 j/°K), 
T: Temperature of a solar array (°K),  
n: the idealistic factor for PN junction  
 
 
 
 
 
 
            
              
                 Fig. 2. Equivalent circuit of ideal solar cell 
 
The PV generator which is considered in this paper consists of 2 strings of parallel (50W) connection. 
Each string is made up of 4 panels in series each of which has 36 connected cells. The identified 
parameters of the PV source are deduced from the simulated and experimental I-V characteristics at a 
temperature and irradiance respectively equal to 33°c and 847 w/m2 ( figure 3). Theses parameters are 
Iph=6A, Is=52,75.10-6 A,VT=6.73V.  
0 20 40 60 80
0
1
2
3
4
5
exp
the
Température : 33°C   Eclairement : 847 W/m2
 B
 C
I (A)
V (v)
 
Fig.3. Experimental and simulated I-V characteristic of the PV generator 
 
 
2. 2.   Buck converter model 
The solar generator is a non linear device; it can only provide maximum power at specific voltage and 
current levels. To force the PV generator to deliver the maximum power to the load, the DC-DC buck 
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converter is inserted between the PV generator and the DC moto-pump as shown in Figure 1. The 
equivalent electrical scheme of the PV system is described by Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig. 4. Equivalent electrical scheme of the PV system 
 
 
The buck converter consists of a power transistor (ST), and a free-wheeling diode (SD). The power 
transistor ST is used as a switch turning on and off periodically by a PWM external driver circuit.  
The average output voltage is determined by  equation (2),  
 
pa VV U                                                                                                                                                    (2) 
 
where Vp and Va are the output voltage (DC motor voltage) and input voltage (PV generator voltage) of 
the DC-DC converter, and ρ is the duty cycle of the switch ST ( 10 U ). 
From equation (2), it is clear that the output voltage can be controlled by varying the chopper duty cycle ρ. 
To vary ρ, we use Pulse Width Modulation (PWM) technique [8]. If it is assumed to be loss less, then the 
supply power (PV power) is equal to the load power: 
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which means that the chopper can be treated as a dc transformer with adjustable turn ration ρ. . 
 
2.3. DC motor pump model   
The DC motor is a permanent magnet machine which is the simplest one. We suppose that the flux 
remains constant for all operating points (the magnetic reaction is neglected). For the DC machine model, 
Ra and La represent respectively the armature resistance and inductance. The energy transfer, from 
electric part toward the mechanical part, is represented by the proportionality relation between the fem Ea 
and the angular speed:  
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The DC motor is driving a centrifugal pump, which is characterized for simplification reason, by a torque 
* proportional to the angular speed ::     
: * Tk                                                                                                                                      (6)   
The mechanical losses are represented by J and F which designate respectively inertia and viscous 
friction coefficients of the DC machine. 
 
3.  Design of the nonlinear controller 
    The nonlinear controller is based on Feedback input-output linearization. There are two basic forms of 
feedback linearization - input to state and input-output linearization. The input-to-state linearization relies 
on transforming the system’s differential equations into control canonical form and then introducing 
linearization feedback. The input-output linearization relies on differentiating the output of interest until 
the input is directly related to a derivative of the output, after which a linearization is introduced [9][10].  
In this paper, we are interested in the output linearization. For this, the desired output is differentiated 
as many times as needed to cause the input to appear.  
The necessary number of derivations to reveal the input is known as the model relative degree, extension 
of the definition of the relative degree in linear [11].  
The block diagram of the controlled system by feedback input-output linearization is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Block diagram of feedback input-output linearization  
 
 
To determine the control variable (duty cycle of the dc-dc converter) (u=U), the differential geometry 
method is applied. This method consists of:   
x Establishing the state space equations of the PV system: 
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x Calculating the system relative degree r by deriving y until the appearance of the controller :  
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The controller appears from the first derivation. So: r =1.  
x Putting the input controller in the form: QED )x()x(u     
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Moreover, this controller introduces a one-dimensional unobservable part because the system relative 
degree is unity [10]. The so-called “unobservable dynamics” or “zero dynamics” may be proved to be 
stable by using local coordinate’s transformation which is not the subject of this paper. 
Once given the  linearizing control law, it is possible to apply one of the variable linear control laws. The 
control  objective is to maintain every time the PV generator voltage  ( y(t)=Vp ) at optimal value 
( yd(t)=Vpo )  corresponding to the point of maximum power. By neglecting the variation of the reference, 
this objective will be achieved by choosing the controller ν as follows:   
 
)( yyk d  Q                                                                                                                                    (10 ) 
 
The linearizing internal loop may then simplify the system which will become identical to an integrating 
block. So a  P controller with gain K is then suitable. The value of K makes it possible to place the poles 
of the system closed loop in – K. The value of K is then adjusted according to the desired performances.   
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The control expression (9) makes it possible to have the diagram of the system closed loop given by 
Figure 6. We note that:  
x The irradiation and the temperature, acting respectively on the value of I pH and V T, often disturbed, 
are measured.   
x The necessary states used to implement this controller law are:  the PV generator voltage (v p) and 
the dc motor current (ia).     
 
 
4. Simulation results 
The simulation of the controlled PV system was carried out in 20SIM environment. The numerical 
parameter values    used are given by:  
- PV generator: Iph=4.4A,Is=52,75.10-6A, VT=6.73V. 
- Capacitor: C=4000 10-6 F. 
- The permanent magnet DC motor-pump is characterized by a nominal operating point: Un=24V and 
In=12A, Wn=2000 round/mn (rpm) and a power  Pn = 0.3 hp. The identified parameters of DC motor are 
in USI : Ra=1.072, La=0.05, J=476.10-6,  F=88.10-5, KT=14.10-4,  Kb=45.10-3. 
 
The control strategy consists in changing the PWM ratio to obtain a desired output voltage Vp in order to 
attain maximum power delivered by the PV generator. Such a control technique is desirable since it takes 
into account the internal dynamics of the system shown in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig. 6.  Block diagram   of the non linear controlled PV system 
 
 
For that purpose, various simulation tests have been performed to verify the performance of the proposed 
control law and its robustness (by considering only the average model of the system).  
Figure 7 and 8 represent some of these simulation tests.  
In Figure 7, we simulated the various state variables responses at the starting up step (100%  irradiation). 
Curves A and B represent the PV generator voltage Vp and the reference voltage Vref to be matched, 
respectively. Whereas, curves C and D represent the armature current and motor speed, respectively. On 
the other side, curve E represents the PWM ratio used to control the buck converter.  
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Fig.7: Simulated responses of state variables with nonlinear control . In permanent operating :  (vp=58.5v, vref 58.4v, U=0.37, 
ia=11.0 A, Ω= 2083rpm (tr/mn), 
 
 
In Figure 8 we simulated the PV system behaviour in a cloudy environment (50% irradiation).  
In this case, the voltage Vp  passed from its initial value  of Vpi=76 V to its final value of Vpf= 58.4 V 
in one (1) second. These simulation results show that the PV generator voltage is maintained at its 
reference value and  the control law is able to stabilize the system on the desired PV generator voltage 
(Vref) in  less than1 s . All the results associated with Figure 8 show the good performances of the 
proposed controller regulator and its robustness, in particular its aptitude to quickly compensate the 
system dynamic variations even for significant disturbances. These results are also in conformity with 
the PV system using a nonlinear controller allowing the charge of a battery via a boost converter [12].    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Simulated step responses of state variables in illumination disturbance (50%)  
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5. Conclusion 
 
In this paper, the feedback linearization control of a PV generator coupled to a DC motor-pump via a 
buck converter was described. This PV system used a nonlinear controller in order to insure an MPPT 
operating conditions. Simulation results have been given. These results concerned transient responses of 
output variables (Vp, ia , :)  in the starting-up operating. The curves presented above highlight the MPPT 
operating of the PV system. 
The simulation results indicated also a good performance of the controller. The overall system 
stability was studied and showed that the system is not of non-minimum phase type if the PV generator 
voltage is controlled.   
The nonlinear control algorithm of the PV system is currently under experimental stage and in near future 
we will publish the first results if they are satisfactory.   
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